In the electric power industry, the cost of energy, its longevity and safety of transferring are important problems. Security problems, environmental effects, discharging occurrences and the endurance of the transporters are the problems that exist as a consequence of the high voltage necessity for the transmission of big amounts of energy and which need to be solved. ADSS (all dielectric self-supporting) cables are generally installed on high voltage transmission lines. They are mostly used in such situations, as high temperature, strong winds and direct sunshine and, as the effect, the UV radiation, etc. The solid materials are in use more frequently than gas or liquid ones. Decent dielectric materials need to be sturdy to puncturing and highly invulnerable for mechanical issues. Moreover, they have to perform and resist well the chemical reactions and high temperature, so that they would not be easily effected by the environmental factors. In this study, the mathematical modeling of heat effects on ADSS cables is investigated by using dry band arcing (IEEE 1222 Electrical surface degradation) test method. A heat source is introduced into the test setup, to evaluate the performance of poly-ethylene cable jackets on ADSS cables at different temperatures. Test results indicate that the endurance of the ADSS cables decreases with the increasing temperature.
Introduction
The purpose of this study is to discus the mathematical model, related to the ageing duration of the ADSS cables, used for energy transmission in the industry, under the effect of increased temperature in a laboratory setup. Models of mathematical experimental design-related engineering are described in [1, 2] . These are basic models and remarkable guides to perform the appropriate mathematical design of experiments. Designed experiment provides scientific results faster than the other experiments, because mathematical modeling enables researchers to gather the same results as in real experiments and to save time and money. Electrical energy transmission [3, 4] and fatigue [5] are rigorously studied. This study is focused on the heat effect only.
Cables are classified as low, medium, high and extra high voltage power cables [6] . All types of power cables are subjected to electrical, thermal, mechanical and environmental stresses, due to conditions of the cable guiding system, external environmental conditions, high currents and voltages. Ageing of the cable insulation, under above mentioned stresses, limits their lifetime. The installation and manufacturing costs of such cables are very high compared to aerial cables. Therefore one expects to have longer lifetimes under high currents [7] in such cables. The cable insulation usually consists of impregnated paper, synthetic polymers (polyethylene (PE), cross * corresponding author; e-mail: emreeroglu@klu.edu.tr linked polyethylene (XLPE), ethy-lene propylene rubber (EPR)) and compressed gases (SF 6 , Freon, N 2 ) [8] .
In a power cable there are two heat sources which degrade the cable insulation [9] . These are the heat generated in the conductor due to resistive losses, caused by the load current, and heat generated in the insulation due to dielectric losses [10] . The cable will absorb a part of the total heat generated and the rest will be dissipated to the surrounding medium. The insulation might be heated to such a high temperature that it changes physically [11] .
The insulation community has a great interest in predicting the life of insulation at normal operating stresses, from relatively rapid tests performed at higher than normal operating stresses. Life prediction at normal stresses requires a mathematical model to extrapolate the accelerated ageing life to lower stresses. Unfortunately, since the lifetimes of the apparently identical cable specimens, tested under the same conditions, can vary by over an order of magnitude from specimens to specimens, there is a considerable difficulty to select the best model and to objectively calculate the ageing model parameters [12, 13] . In this study, a review of ageing phenomena in electrical insulation systems and models used in lifetime studies of solid insulators under single and multiple stress conditions are presented. The statistical methods used with this type of data are briefly described.
Cables are mostly used under different environmental effects, such as temperature, wind, vibration, etc. In this study, effect of different levels of heat on cables was investigated by using dry band arcing (IEEE 1222 Electrical surface degradation) test method and the obtained data was mathematically modeled. The performance of cable jacket is tested under different heat conditions [14] . A grounded protection pole is backing the link at every tower. A corona curl is utilized to stifle the corona discharge at the ends of the protective bars. At the point where the link gets dirtied and wet, there exists a capacitive coupling between the transmission line and the link and between the link surface and the ground. High voltage is induced on the surface of the link [15] . The voltage difference between the grounded protection pole and the affected voltage on the link drives a current along the surface of the link.
In the drying link appear little dry-regions, which stand in the path of current. In case when the voltage, across the dry-band, is large enough, an arc is created over the dry band. The heat created by the dry-band arcing destroys the link coat after some time. Studies have demonstrated that dry band arcing happens when the link is wet and dirtied. The current before dry-band arcing is around 1 mA and is considerably higher when the longitudinal electric field is large enough to arch over the dry band.
Computer models have been produced to ascertain the voltage and current dissipation of the framework. These models permit expectation of dry-band arcing on links. Inputs to this model incorporate the physical course of action of the link on the high voltage lines. The affected streams and voltages rely upon temperature level [16] .
Method, materials and modeling
The first considered data set is for the two hours from the start of UV exposure, which contains measurements made with an interval of 10 minutes. Second data set consists of the effect of aging duration of a cable, exposed to heating and cooling cycles. Temperature values are given in The analysis of variance values of temperature are shown in Table I . One can see from the Table I that regression coefficients are significant. Table I demonstrates that both models fit and how much of the residuals are explained by the variables in the nonlinear regression model. It can be also observed from Table I that nonlinear regression model is significant. Thus, there is no reason to reject the model.
There are no such effects selected in aging but effect of heat is significant in Table II . The model of aging effect is: Aging Effect = 983.333 − 210 × TIME. Multiple determination coefficient R is 0.966.
The independent variable is TIME. According to Table III, one reject H 0 : all coefficients are not significant, thus coefficients is significant. The dependent variable is ln Table V . The average lifetime of the cables is normally 773 minutes, while after the heat effect it drops to 563 minutes. Therefore, the insulation lifetime of the cables is reduces by 27% when they get tired by the heat effect.
In a nonlinear regression model, the magnitudes of coefficients are a(const) = 0.50 and b(TIME) = 0.983. Table IV shows that both parameter estimates are significant. Model is ln 1 TEMP = 0.05 + 0.983 × TIME. Figure 1 presented below is a curve shown as a model logistic. 
Conclusions
This study is focused on the change of ageing duration of the ADSS cables, which is reduced by 27%, when cables get tired by the heat effect. The actual behaviour of ADSS cables under different heat conditions is modelled mathematically. Because all experiments were done under isolated conditions in the laboratory, results could be interpreted on account of corresponding real environmental conditions. Modeling consisted of descriptive analysis of variables, variance analysis and regression analysis. Logistic model is significant and suitable. In a nonlinear regression model, the magnitudes of coefficients are a = 0.50 and b = 0.983. Estimation of parameters and models for the nonlinear regression model is described.
